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(54) SELECTIVE SEPARATION MEMBRANE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To substantially prevent ttie elution of a hydrophilic high polymer 
recognized as foreign matters within the living body by specifying the content of the 
hydrophobic high polymer to be extracted by prescribed % of an aqueous ethanol solution into a 
selective separation membrane consisting of the hydrophilic high polymer and a hydrophobic 
high polymer to a prescribed value or below per prescribed area of the liquid to the treated 
contact side membrane of the selective separation membrane. 

SOLUTION: The hydrophilic high polymer to be extracted by the 40% aqueous ethanol solution 
is ^0 mg per 1 m2 the area of Uquid to be treated contact side membrane of the selective 
separation membrane. The selective separation membrane is adequately usable in applications 
where inconvenience is induced by the elution of the hydrophilic high polymer; for example, 
thickening, refining, etc., of food, beverages and physiologically active materials in addition a 
blood purification. The water to be treated includes food, beverages and physiologically active 
material- containing Uquids, etc. If the selective separation membrane is applied to the blood 
purification application to retum the water to be treated again to the human body, safety is 
improved and, therefore, the membrane is most effective when the blood or the component of the 
blood is used as the water to be treated. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It sets to the selection demarcation membrane which consists of a hydrophobic 
macromolecule and a hydrophilic macromolecule, and is 40%. This hydrophilic macromolecule 
extracted in an ethanol water solution is 2 a processed liquid contact pleural membrane area of 
Im of a selection demarcation membrane. Selection demarcation membrane characterized by 
being lOmg or less of hits. 

[Claim 2] The selection demarcation membrane according to claim 1 whose processed liquid is 
blood. 

[Claim 3] The selection demarcation membrane according to claim 1 or 2 used for the object for 
hemodialysis, the object for hemodialysis filtration, the object for hemofiltration, the object for 
plasma skimming, the object for plasma fi-actionation, or ascites concentration. 
[Claim 4] The selection demarcation membrane according to claim 1 to 3 whose selection 
demarcation membrane is a hollow fiber. 

[Claim 5] The selection demarcation membrane according to claim 1 to 4 whose hydrophobic 
macromolecule is polysulfone system resin. 

[Claim 6] The selection demarcation membrane according to claim 1 to 5 whose hydrophilic 
giant molecule is a polyvinyl pyrrolidone. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] In the selection demarcation membrane which consists of a hydrophobic 
macromolecule and a hydrophilic macromolecule, this invention suppresses elution of this 
hydrophilic macromolecule, and relates to the selection demarcation membrane whose safety 
improved. Furthermore, when it uses for blood purification at a detail, it is related with the 
selection demarcation membrane containing tiie hydrophilic macromolecule whose safety 
improved by suppressing the elution to the blood of a hydrophilic macromolecule. 
[0002] 

[Description of the Prior Art] About a chronic-renal-failure patient's blood art, the living body 
kidney was made into the setmaster and the various improvement techniques in membraneous 
ability and the dialysis approach have been developed. As a fihn raw material used for them, 
natural raw materials, such as a cellulose and a cellulosic, and synthetic macromolecule raw 
matoials, such as a polysulfone system, polymethylmethacrylate, a polyacrylonitrile, and an 



ethylene- vinylalcohol copolymer, are used broadly. In the synthetic macromolecule raw material, 
it excels in biocompatibility, the polysulfone system resin which may discover the high clearance 
engine performance of the uremia matter attracts attention, and Kamiichi of many film for blood 
purification using polysulfone system resin is carried out in recent years. Polysulfone system 
resin is thermoplastic heat-resistant engineer plastics, and {^plication expansion is broadly 
carried out in each industrial field. 

[0003] Polysulfone system resin has comparatively strong hydrophobicity, and when it contacts 
blood, it tends to adsorb plasma protein. For this reason, in case the blood purification film is 
produced, in order to rmse compatibility with blood, generally the approach of giving a 
hydrophilic property is used by mixing a polyvinyl pyrrolidone with polysulfone system resin. 
[0004] It is known that critical side effects, such as an anaphylactic shock considered to originate 
in elution of a polyvinyl pyrrolidone during the hemodialysis therapy using the selection 
demarcation membrane containing a hydrophilic giant molecule, especially a polyvinyl 
pyrrolidone, will occur. Moreover, in Germany, there is regulation that the polyvinyl pyrroUdone 
more tiian K-1 8 (weight average molecular weight 10000) cannot be injected intravenously. 
Furthermore, it is reported by by injecting a polyvinyl pyrrolidone inti-avenously that an 
anaphylaxis symptom is shown (Pilar Maiques Asuero et al, The Annals of Pharmacotherapy, 
pp30, January, Vol.30, 1996). That is, the polyvinyl pyrrolidone generally used has a problem in 
safety as a hydrophiUzation agent of the polysulfone system resin film, and in case it uses for a 
blood purification application, it is necessary to suppress elution of the polyvinyl pyrrolidone to 
blood as much as possible. 

[0005] hi order to suppress elution of a polyvinyl pyrrolidone, the approach of the former many 
is proposed. For example, the method of suppressing elution of a polyvinyl pyrrolidone by 
constructing for it a bridge and insolubilizing a polyvinyl pyrrolidone is indicated by performing 
heat treatment or radiation processing for the polysulfone system hollow fiber containing a 
polyvinyl pyrrolidone to JP, 10-23 01 48, A. Moreover, the method of suppressing elution of a 
polyvinyl pyrrolidone is indicated by JP,1 0-243 999,A by making thickness of a selection 
detached core suitable. However, although such technique is effective to the elution volume 
control to water or hot water, it is inadequate for elution volume control to 40% ethanol water 
solution used as the index of the elution volume to blood or plasma so that it may mention later. 
Also in the permeable membrane actually said to have controlled the elution volume of a 
polyvinyl pyrrolidone, the actual condition is having not solved the problem over the safety of 
the selection demarcation membrane which there is a report of anaphylactic shock generating 
(for example, Nakayama et al., 0-439, the collection of the 43rd Japanese Society for Dialysis 
Therapy drafts, pp620, and 1998), and still contains a polyvinyl pyrrohdone. 
[0006] 

[Problem(s) to be Solved by the Invention] This invention aims at offering the selection 
demarcation membrane in which the hydrophilic macromolecule recognized to be a foreign 
matter in in the living body for the purpose of solving the above-mentioned technical problem 
cannot be eluted easily. 
[0007] 

[Means for Solving the Problem] Hiese researchers reached this invention, as a result of 
inquiring wholeheartedly, in order to offer the selection demarcation membrane which solves the 
above-mentioned technical problem and possesses the outstanding safety. That is, this inventions 
are as follows. 

** Set to tiie selection demarcation membrane which consists of a hydrophobic macromolecule 



and a hydrophilic macromolecule, and it is 40%. This hydrophilic macromolecule extracted in an 
ethanol water solution is 2 a processed liquid contact pleural membrane area of Im of a selection 
demarcation membrane. Selection demarcation mranbrane characterized by being lOmg or less 

of hits, 

** The selection demarcation membrane given [ above-mentioned ] in ** a given processed 
liquid is blood. 

** The above-mentioned ** used for the object for hemodialysis, the object for hemodialysis 
filtration, the object for hemofiltration, the object for plasma skimming, the object for plasma 
fractionation, or ascites concentration, or a selection demarcation membrane given in **. 
** The above-mentioned ** whose selection demarcation membrane is a hollow fiber thru/or a 
selection demarcation membrane given in **. 

** The above-mentioned ** whose hydrophobic macromolecule is polysulfone system resin 
thru/or a selection demarcation membrane given in **. 

** The above-mentioned ** whose hydrophilic giant molecule is a polyvinyl pyrrohdone thru/or 
a selection demarcation membrane given in **. 

[0008] The hydrophilic macromolecule extracted in an ethanol water solution 40% in this 
invention is 2 a processed liquid pleural membrane area of Im of a selection demarcation 
membrane. It is based on the following reason that it is lOmg or less of hits. First, in the selection 
demarcation membrane which consists of a hydrophobic macromolecule and a hydrophilic 
macromolecule, since it was impossible to have made elution of this hydrophilic macromolecule 
there be nothing, the upper limit of safety needed to be decided. Although it changed with 
people, when the anaphylactic reaction when we inject a polyvinyl pyrrolidone intravenously 
using a beagle was investigated, as for the allergic response to the eluted polyvinyl pyrrolidone, 
it turned out that intravenous injection of a 5mg [ per weight of 1kg ] polyvinyl pyrrolidone does 
not cause an anaphylactic reaction, tiie upper limit of the film surface product of the dialyzer 
which considers people's solid-state difference, and makes an upper limit 1/10 of the insurance 
doses of a beagle, and is usually used for hemodialysis ~ about 2 ~ m2 it is ~ if the minimum of 
tile weight of things and a dialysis patient is set to 40kg ~ 20mg per 1 dialysis ~ the 
administration upper limit of a polyvinyl pyrrolidone ~ it is ~ lm2 per ~ it is thought that safety 
is securable by being referred to as lOmg or less. 

[0009] When we actually measured the elution volume of the polyvinyl pyrrolidone by exti-act 
trial with 40% ethanol water solution of the polysulfone system permeable membrane containing 
the polyvinyl pyrrolidone by which current marketing is carried out, it is 2 Im. It turned out that 
there is elution of a lOmg - hundreds of mg hit number. Therefore, in order to secure the safety 
of the polysulfone system film containing a polyvinyl pyrrohdone, it is 2 Im by these data. It can 
attain by holding down to the elution volume of lOmg or less of hits. 

[0010] Moreover, the reason we chose the extract by the ethanol water solution 40% is based on 
below. That is, when using a selection demarcation membrane for the object of blood 
purification, a processed Uquid is not water but blood, or plasma. Since blood or plasma contains 
the organic component of an electrolyte, plaana protein, a corpuscle, and others in water, the 
solvent power over various solutes is said to be quite high compared with water or hot water. It is 
said that the extract by 40% ethanol water solution is used for measurement of the sampling 
volume of the additive (phthaUc ester) of a vinyl chloride used for blood circuits, and has the 
extract force more near blood compared with water or hot water. I thought that the elution 
volume of the polyvinyl pyrrohdone at tiie time of blood contact of the selection demarcation 
membrane containing a polyvinyl pyrrolidone could be measured by using an ethanol water 



solution this 40%. 

[0011] When we actually measured the polyvinyl-pyiTolidone elution volume of current and the 
selection demarcation membrane containing a polyvinyl pyrrolidone marketed with 70-degree-C 
pure water in the ethanol water solution 40% as oibsr conditions being the same, it turned out 
that the sampling volume by 40% ethanol water solution will be 5 to 20 times the sampling 
volume of 70-degree-C pure water. 

[0012] This hydrophiUc macromolecule extracted in an ethanol water solution 40% by the above 
research is 2 a processed liquid pleural membrane area of Im of this selection demarcation 
membrane. A header and this mvention were reached [ that the selection demarcation membrane 
whose safety improved remarkably is obtained, and ] by making it lOmg or less of hits. 
[0013] hi this invention, a processed liquid means ttie liquid which serves as an object for 
separation by the selection demarcation membrane, and a processed liquid contact side says the 
near jfront face where a membranous processed liquid contacts. That is, in hemodialysis, 
hemofiltration, hemodialysis filtration, and plasma skimming, a processed liquid is blood, a 
processed liquid is plasma in plasma firactionation, and a processed liquid contact side means the 
membranous blood (in the case of plasma fi^tionation, it is plasma) contact surface in this case. 
When the selection demarcation membrane of a hollow filament configuration is used for a blood 
purification apphcation, a processed liquid contact side is usually the hollow filament inside. In 
hemodialysis or hemodialysis filtration, although blood is poured in membranous one side and 
dialysing fluid is poured to an opposite hand, in this invention, a processed liquid is blood or a 
constituent of blood, and, in such a case, is not dialysing fluid by suppressing elution of a 
hydrophilic macromolecule firom the fihn to a processed liquid, so that clearly &om the object 
which improves safety. 

[0014] Moreover, although this invention can be used by a hydrophilic macromolecule besides 
blood purification being eluted suitable for concentration, purification, etc. of the application 
which inconvenience produces, for example, food and a drink, and a physiological active 
substance and food, a drink, a physiological active substance content liquid, etc. can be 
mentioned as a processed liquid This invention is the most effective, when applying this 
invention to the blood purification application which returns a processed liquid to the body again 
and the component of blood or blood is used as a processed hquid, since safety improves. It is 
desirable to apply to the blood purification application which returns the blood after processing 
to the body as mentioned above, the hemodialysis film, a hemodialysis filtration membrane, a 
blood filtration membrane, a plasma demarcation membrane, the plasma fi-actionation film, the 
ascites concentration film, etc. specifically mention, and the selection demarcation membrane of 
this invention is ****. As a gestalt which the selection demarcation membrane of this invention 
can take, although a flat film, the tubular film, a hollow fiber, etc. are mentioned, the hollow 
fiber which can take the large film surface product per unit voliune is desirable. 
[0015] Although the hydrophobic giant molecule in this invention has cellulose type raw 
materials, such as synthetic macromolecules, such as polyester, a polycarbonate, polyurethane, a 
polyamide, polysulfone, polyether sulphone, and polymethylmethacrylate, and cellulose 
triacetate, nitrocellulose, and is not limited especially, polysulfone system raw materials, such as 
polysulfone and polyether sulphone, are desirable [ a giant molecule ], since it excels in 
biocompatibility and the high clearance engine performance of the uremia matter is obtained, 
when it is used for blood purification. Moreover, these may be used independently, or may mix 
and use two or more sorts. 

[0016] Although the hydrophilic giant molecules in this invention are raw materials, such as a 



polyethylene glycol, polyvinyl alcohol, a polyvinyl pyrroHdone, a carboxymethyl cellulose, 
starch and its derivative, and cellulose acetate, a polyvinyl pyrrolidone is desirable from having 
compatibility with polysulfone system resin. 

[0017] As an operation gestalt of this invention, the molecular weight of a hydrophilic 
macromolecule is the most important. In the film which consists of polysulfone system resin and 
a polyvinyl pyrrolidone, it is thought that a polyvinyl pyrrolidone is enclosed by polysulfone 
system resin and exists. Therefore, it is hard coming to fall out by enlarging molecular weight of 
a hydrophiUc macromolecule out of the film. As for the polyvinyl pyrrolidone, different grade of 
molecular weight is marketed, and number average molecular weight cannot consider easily that 
are about about 360,000 and the polyvinyl pyrrolidone of molecular weight of this amount falls 
out out of the film for the grade (K-90) with the largest molecular weight. However, it has 
commercial polyvinyl-pyrrolidone molecular weight distribution, and the about 10,000 to 
100,000 molecular weight number molecule is contained so much. In our examination result, 
when the eluted polyvinyl pyrrolidone was measured with gel permeation chromatography by 
exfract experiment with 40% ethanol water solution of tiie polysulfone system resin film 
produced using K-90, the molecular weight is two to about 50,000, and most of the polyvinyl 
pyrrolidone of 100,000 or more molecular weight was not detected. That is, althou^ 
approaches, such as chromatography and the reprecipitating method, are not asked, it becomes 
possible by using it, in case a measure is taken to commercial Polyvinylpyrrolidone K90, a low- 
molecular-weight object is removed positively and hollow fiber film production of this is carried 
out to suppress elution of the polyvinyl pyrrolidone by ethanol water-solution extract to lOmg or 
less per two a processed liquid contact pleural membrane area of Im 40%. The low-molecular- 
wei^t object removed is usually less than 100,000 preferably less than 50,000 molecular weight. 
[0018] An example shows the detail of this invention below. 

[0019] The following procedures performed the ethanol extract trial 40%. After pouring the pure 
water of 400raL(s) inside [ hollow filament ] the hollow fiber module (processed liquid side) and 
doing the Flushing activity on it, the 40vol(s) % ethanol water solution permuted the hollow 
filament inside for the pure water in a module. The inside of the module case of a hollow 
filament outside was also filled with 40vol(s) % ethanol, and was closed. Next, after circulating 
flow rate 150 mL/min, 40 degrees C, and the 1-hour hollow filament inside for the 40vol(s) % 
ethanol water solution of 200mL(s), the polyvinyl-pyrrolidone concentration in the 40vol(s) % 
ethanol water solution through which it circulated was measured. They are 200mL(s) in the 
modular hollow filament inside volume and the volume for a header of a module inlet-port 
outlet, i.e., priming volume. The extracted polyvinyl-pyrrolidone weight is found fi-om the 
applied polyvinyl-pyrrolidone concentration in the whole extract product and an extract, and the 
polyvinyl-pyrrolidone sampling volume per two is fiirther calculated a processed hquid contact 
pleural membrane area of Im from the film surface product (hollow filament bore criteria) of a 
hollow fiber module. 

[0020] The approach of KMueller (1968) was used for the density measurement of a polyvinyl 
pyrroUdone. That is, a citric acid and iodine liquid were added to the specimen, the absorbance 
was measured, and it asked for concenfration by the calibration curve searched for from 
Polyvinylpyrrolidone K90. hi the case of density measurement, in order to lose inhibition of 
coloring by ethanol, it is necessary to dilute here more than twice. When it was specifically two 
fold serial dilution, after often mixing 1 .25mL(s), water 1 .25mL, 0.2M citric-acid water-solution 
1.25mL, and 0.006N iodine water-solution O.SmL and putting a specimen (a preparation or 
extract) for 10 minutes, the absorbance in 470nm was measured and the concentration of a 



polyvinyl pyrrolidone was measured. 

[0021] 

[Example] 

[0022] Example 1 polyvinyl-pyrrolidone (K-90, BASF A.G. make) 0.025g/mL A bath ratio [ as 
opposed to the water of a water solution for a water solution ] is 2.5-3.0. It is the polyvinyl 
pyrroUdone which trickled into the acetone which is the poor solvent which is twice, and 
removed the low-molecular-weight object positively by the reprecipitating method 90% of yield 
It obtained. This is hereafter called a purification polyvinyl pyrroUdone. The profile of the 
polyvinyl pyrrolidone before purification and the gel permeation chromatography of the 
firactionation eliminated at the time of purification is shown in drawing 1 and drawing 2 . It turns 
out that only low-molecular fi"actionation (direction where transparency time amount is long) is 
selectively eliminated at the time of purification so that more clearly than drawing. The 
dimethylacetamide 74 weight section and the water 5 weight section for the polyether sulphone 
(4800P, Sumitomo Chemical Co., Ltd. make) 16 weight section and the purification polyvinyl- 
pyrrolidone 5 weigjit section as the mixed dissolution and a spinning undiluted solution which 
carried out degassing The dimethylacetamide water solution was used as core liquid 50%, this 
was drawn into 75 degrees C and the coagulation bath of water through discharge and the 50cm 
fi-ee-running section from the double pipe orifice, the hollow fiber was formed, it wound after 
rinsing, and 20hr desiccation was carried out at 60 degrees C. The module of 2 was obtained 
1 .5m of hollow filament bore criteria film surface products using this hollow fiber. As a result of 
this module's performing an ethanol exti-act tiial 40%, elution of a polyvinyl pyrrolidone is 2 a 
hollow filament intima area of Im. It was l.Omg of hits. 

[0023] The example 2 polysulfone (P-1700, product made from AMOCO) 20 weight section, the 
purification polyvinyl-pyrrolidone 6 weight section, and the dimethylacetamide 74 weight 
section were used as the mixed dissolution and a spinning undiluted solution which carried out 
degassing, the dimethylacetamide water solution was used as core liquid 45%, this was drawn 
into 50 degrees C and the coagulation bath of water through discharge and the 70cm free-running 
section fixjm the double pipe orifice, the hollow fiber was formed, it wound after rinsing, and 
20hr desiccation was carried out at 60 degrees C. The module of 2 was obtained 1.5m of hollow 
filament bore criteria film surface products using this hollow filament. As a result of this 
module's performing an ethanol extract trial 40%, elution of a polyvinyl pyrrolidone is 2 a 
hollow filament intima area of Im. It was 1.3mg of hits. 

[0024] Except having used K-90 (BASF A.G. make) which is not refined as an example 
polyvinyl pyrrolidone of a comparison, like the example 2, spinning of the hollow fiber was 
carried out and the module of 2 was obtained 1.5m of hollow filament bore criteria fihn surface 
products using the obtained hollow filament. As a result of this module's performing an ethanol 
extract trial 40%, elution of a polyvinyl pyrrohdone is 2 a hollow filament intima area of Im. It 
was 15.2mgofhits. 
[0025] 
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[0026] 

[Effect of tiie Invention] By titiis invention, although the hydrophilic macromolecule was 
contained, the selection demarcation membrane with little elution of this hydrophilic 



macromolecule was able to be offered. 



TECHNICAL FIELD 



[Field of the Invention] In the selection demarcation membrane which consists of a hydrophobic 
macromolecule and a hydrophilic macromolecule, this invention suppresses elution of this 
hydrophilic macromolecule, and relates to the selection demarcation membrane whose safety 
improved. Furthermore, when it uses for blood piirification at a detail, it is related with the 
selection demarcation membrane containing the hydrophilic macromolecule whose safety 
improved by suppressing the elution to the blood of a hydrophilic macromolecule. 



PRIOR ART 



[Description of the Prior Art] About a chronic-renal-failure patient's blood art, the living body 
kidney was made into the setmaster and the various improvement techniques in membraneous 
abiUty and the dialysis approach have been developed. As a fihn raw material used for them, 
natural raw materials, such as a cellulose and a cellulosic, and synthetic macromolecule raw 
materials, such as a polysulfone system, polymethylmethacrylate, a polyacrylonitrile, and an 
ethylene-vinylalcohol copolymer, are used broadly. In the synthetic macromolecule raw material, 
it excels in biocompatibility, the polysulfone system resin which may discover the high clearance 
engine performance of the wemia matter attracts attention, and Kamiichi of many film for blood 
purification using polysulfone system resin is carried out in recent yeare. Polysulfone system 
resin is thermoplastic heat-resistant engineer plastics, and application expansion is broadly 
carried out in each industrial field. 

[0003] Polysulfone system resin has comparatively strong hydrophobicity, and when it contacts 
blood, it tends to adsorb plasma protein. For this reason, in case the blood purification fihn is 
produced, in order to raise compatibility with blood, generally the approach of giving a 
hydrophilic property is used by mixing a polyvinyl pyrrolidone with polysulfone system resin. 
[0004] It is known that critical side effects, such as an anaphylactic shock considered to originate 
in elution of a polyvinyl pyrrolidone during the hemodialysis therapy using the selection 
demarcation membrane containing a hydrophilic giant molecule, especially a polyvinyl 
pyrroUdone, will occur. Moreover, in Germany, there is regulation that the polyvinyl pyrrohdone 
more than K-18 (weight average molecular weight 10000) cannot be injected intravenously. 
Furthermore, it is reported by by injecting a polyvinyl pyrrolidone intravenously that an 
anaphylaxis symptom is shown (Pilar Maiques Asuero et al., The Annals of Pharmacotherapy, 
pp30, January, Vol.30, 1996). That is, the polyvinyl pyrrolidone generally used has a problem in 
safety as a hydrophihzation agent of the polysulfone system resin film, and in case it uses for a 
blood purification application, it is necessary to suppress elution of the polyvinyl pyrrolidone to 
blood as much as possible. 

[0005] In order to suppress elution of a polyvinyl pyrrolidone, the approach of the former many 
is proposed. For example, the method of suppressing elution of a polyvinyl pyrroUdone by 
constructing for it a bridge and insolubiUzing a polyvinyl pyrroUdone is indicated by performing 
heat treatment or radiation processing for the polysulfone system hollow fiber containing a 
polyvinyl pyrrolidone to JP,10-230148,A. Moreover, the method of suppressing elution of a 



polyvinyl pyrrolidone is indicated by JP,10-243999,A by making thickness of a selection 
detached core suitable. However, although such technique is effective to the elution volume 
control to water or hot water, it is inadequate for elution volume control to 40% ethanol water 
solution used as the index of the elution volume to blood or plasma so that it may mention later. 
Also in the permeable membrane actually said to have controlled the elution volume of a 
polyvinyl pyrrolidone, the actual condition is having not solved the problem over the safety of 
the selection demarcation membrane which there is a report of anaphylactic shock generating 
(for example, Nakayama et al., 0-439, the collection of the 43rd Japanese Society for Dialysis 
Therapy drafts, pp620, and 1998), and still contains a polyvinyl pyrrolidone. 



EFFECT OF THE INVENTION 



[Effect of the Invention] By this invention, although the hydrophihc macromolecule was 
contained, the selection demarcation membrane with litde elution of this hydrophilic 
macromolecule was able to be offered. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] This invention aims at offering the selection 
demarcation membrane in which the hydrophilic macromolecule recognized to be a foreign 
matter in in the living body for the purpose of solving the above-mentioned technical problem 
cannot be eluted easily. 



MEANS 



[Means for Solving the Problem] These researchers reached this invention, as a result of 
inquiring wholeheartedly, in order to offer the selection demarcation membrane which solves the 
above-mentioned technical problem and possesses the outstanding safety. That is, this inventions 
are as follows. 

** Set to the selection demarcation membrane which consists of a hydrophobic macromolecule 
and a hydrophilic macromolecule, and it is 40%. This hydrophilic macromolecule extracted in an 
ethanol water solution is 2 a processed Uquid contact pleural membrane area of Im of a selection 
demarcation membrane. Selection demarcation membrane characterized by being lOmg or less 

of hits. 

** The selection demarcation membrane given [ above-mentioned ] in ** a given processed 
Uquid is blood. 

** The above-mentioned ** used for the object for hemodialysis, the object for hemodialysis 
filtration, the object for hemofiltration, the object for plasma skimming, the object for plasma 
fi-actionation, or ascites concaitration, or a selection demarcation membrane given in **. 
** The above-mentioned ** whose selection demarcation membrane is a hollow fiber thru/or a 
selection demarcation membrane given in **. 

** The above-mentioned ** whose hydrophobic macromolecule is polysulfone system resin 
thru/or a selection demarcation membrane given in **. 



** The above-mentioned ** whose hydrophilic giant molecule is a polyvinyl pyrrohdone thru/or 
a selection demarcation manbrane given in **. 

[0008] The hydrophilic macromolecule extracted in an ethanol water solution 40% in this 
invention is 2 a processed liquid pleural membrane area of Im of a selection demarcation 
membrane. It is based on the following reason that it is lOmg or less of hits. First, in the selection 
demarcation membrane which consists of a hydrophobic macromolecule and a hydrophihc 
macromolecule, since it was impossible to have made elution of this hydrophilic macromolecule 
there be nothing, the upper limit of safety needed to be decided. Although it changed with 
people, when the anaphylactic reaction when we inject a polyvinyl pyrrolidone intravenously 
using a beagle was investigated, as for the allergic response to the eluted polyvinyl pyrrolidone, 
it turned out that intravenous injection of a 5mg [ per weight of 1kg ] polyvinyl pyrrolidone does 
not cause an anaphylactic reaction, the upper limit of the film surface product of the dialyzer 
which considers people's sohd-state difference, and makes an upper limit 1/10 of the insurance 
doses of a beagle, and is usually used for hemodialysis ~ about 2 ~ m2 it is ~ if the minimum of 
the weight of things and a dialysis patient is set to 40kg ~ 20mg per 1 didysis ~ the 
administration upper limit of a polyvinyl pyrrolidone ~ it is ~ lm2 per ~ it is thought that safety 
is securable by being referred to as lOmg or less. 

[0009] When we actually measured the elution volume of the polyvinyl pyrrolidone by extract 
trial with 40% ethanol water solution of the polysulfone system permeable membrane containing 
the polyvinyl pyrrohdone by which current marketing is carried out, it is 2 Im. It turned out that 
there is elution of a lOmg - hundreds of mg hit number. Therefore, in order to secure the safety 
of the polysulfone system film containing a polyvinyl pyrrolidone, it is 2 Im by these data. It can 
attain by holding down to the elution volume of lOmg or less of hits. 

[0010] Moreover, the reason we chose the extract by the ethanol water solution 40% is based on 
below. That is, when using a selection demarcation membrane for the object of blood 
purification, a processed liquid is not water but blood, or plasma. Since blood or plasma contains 
the organic component of an electrolyte, plasma protein, a corpuscle, and others in water, the 
solvait powCT over various solutes is said to be quite high compared with water or hot water. It is 
said that the extract by 40% ethanol water solution is used for measurement of the sampling 
volume of the additive (phthalic ester) of a vinyl chloride used for blood circuits, and has the 
extract force more near blood compared with water or hot water. I thought that the elution 
volume of the polyvinyl pyrrohdone at the time of blood contact of the selection demarcation 
membrane containing a polyvinyl pyrrolidone could be measured by using an ethanol water 
solution this 40%. 

[001 1] When we actually measured the polyvinyl-pyrrohdone elution volume of current and the 
selection demarcation membrane containing a polyvinyl pyrrolidone marketed with 70-degree-C 
pure water in the ethanol water solution 40% as other conditions being the same, it turned out 
that the sampling volume by 40% ethanol water solution will be 5 to 20 times the sampling 
volume of 70-degree-C pure water. 

[0012] This hydrophihc macromolecule extracted in an ethanol water solution 40% by the above 
research is 2 a processed liquid pleural membrane area of Im of this selection demarcation 
membrane. A header and this invention were reached [ that the selection demarcation membrane 
whose safety improved remarkably is obtained, and ] by making it lOmg or less of hits. 
[0013] In this invention, a processed liquid means the liquid which serves as an object for 
separation by the selection demarcation membrane, and a processed Uquid contact side says the 
near firont face where a membranous processed liquid contacts. That is, in hemodialysis, 



hemofiltration, hemodialysis filtration, and plasma skimming, a processed liquid is blood, a 
processed liquid is plasma in plasma fractionation, and a processed liquid contact side means the 
membranous blood (in the case of plasma fractionation, it is plasma) contact surface in this case. 
When the selection demarcation membrane of a hollow filament configuration is used for a blood 
purification application, a processed Uquid contact side is usually the hollow filament inside. In 
hemodialysis or hemodialysis filtration, although blood is poured in membranous one side and 
dialysing fluid is poured to an opposite hand, in this invention, a processed liquid is blood or a 
constituent of blood, and, in such a case, is not dialysing fluid by suppressing elution of a 
hydrophilic macromolecule from the fibn to a processed liquid, so that clearly from the object 
which improves safety. 

[0014] Moreover, although this invention can be used by a hydrophilic macromolecule besides 
blood purification being eluted suitable for concentration, purification, etc. of the application 
which inconvenience produces, for example, food and a drink, and a physiological active 
substance and food, a drink, a physiological active substance content hquid, etc. can be 
maitioned as a jwocessed liquid This invention is the most effective, when applying this 
invention to the blood purification application which returns a processed liquid to the body again 
and the component of blood or blood is used as a processed liquid, since safety improves. It is 
desirable to apply to the blood purification application which returns the blood after processing 
to the body as mentioned above, the hemodialysis film, a hemodialysis filtration membrane, a 
blood filfration membrane, a plasma demarcation membrane, the plasma fractionation film, the 
ascites concentration fikn, etc. specifically mention, and the selection demarcation membrane of 
this invention is ****. As a gestalt which the selection demarcation membrane of this invention 
can take, although a flat film, the tubular film, a hollow fiber, etc. are mentioned, the hollow 
fiber which can take the large film surface product per unit volume is desirable. 
[0015] Although the hydrophobic giant molecule in this invention has cellulose type raw 
materials, such as synthetic macroraolecules, such as polyester, a polycarbonate, polyurethane, a 
polyamide, polysulJFone, polyether sulphone, and polymethylmethacrylate, and cellulose 
triacetate, nitrocellulose, and is not limited especially, polysulfone system raw materials, such as 
polysulfone and polyether sulphone, are desirable [ a giant molecule ], since it excels in 
biocompatibility and the high clearance engine performance of the uremia matter is obtained, 
when it is used for blood purification. Moreover, these may be used independently, or may mix 
and use two or more sorts. 

[0016] Although the hydrophilic giant molecules in this invention are raw materials, such as a 
polyethylene glycol, polyvinyl alcohol, a polyvinyl pyrroUdone, a carboxymethyl cellulose, 
starch and its derivative, and cellulose acetate, a polyvinyl pyrrolidone is desirable from having 
compatibility with polysulfone system resin. 

[0017] As an operation gestalt of this invention, the molecular weight of a hydrophilic 
macromolecule is the most important. In the fihn which consists of polysulfone system resin and 
a polyvinyl pyrrolidone, it is thought that a polyvinyl pyrrolidone is enclosed by polysulfone 
system resin and exists. Therefore, it is hard coming to fall out by enlarging molecular weight of 
a hydrophilic macromolecule out of the film. As for the polyvinyl pyrrolidone, different grade of 
molecular weight is marketed, md numbo- average molecular weight cannot consider easily that 
are about about 360,000 and the polyvinyl pyrrolidone of molecular weight of this amount falls 
out out of the fihn for the grade (K-90) with the largest molecular weight. However, it has 
commercial polyvinyl-pyrroUdone molecular weight distribution, and the about 10,000 to 
100,000 molecular wei^t number molecule is contained so much, hi our examination result. 



when the eluted polyvinyl pyrrolidone was measured with gel penneation chromatography by 
extract experiment with 40% ethanol water solution of the polysulfone system resin fihn 
produced using K-90, the molecular weight is two to about 50,000, and most of the polyvinyl 
pyrrolidone of 100,000 or more molecular weight was not detected. That is, althou^ 
approaches, such as chromatography and the reprecipitating method, are not asked, it becomes 
possible by using it, in case a measure is taken to commercial Polyvinylpyrrolidone K90, a low- 
molecular- weight object is removed positively and hollow fiber fihn production of this is carried 
out to suppress elution of the polyvinyl pyrrolidone by ethanol water-solution extract to lOmg or 
less per two a processed liquid contact pleural membrane area of Im 40%. The low-molecular- 
wei^t object removed is usually less than 100,000 preferably less than 50,000 molecular weight. 
[0018] An example shows the detail of this invention below. 

[0019] The following procedures performed the ethanol extract trial 40%. After pouring the pure 
water of 400mL(s) inside [ hollow filament ] the hollow fiber module (processed liquid side) and 
doing the Flushing activity on it, tiie 40vol(s) % ethanol water solution permuted the hollow 
filament inside for the pure water in a module. The inside of the module case of a hollow 
filament outside was also filled with 40vol(s) % ethanol, and was closed. Next, after circulating 
flow rate 150 mL/min, 40 degrees C, and the 1-hour hollow filament inside for the 40vol(s) % 
ethanol water solution of 200mL(s), the poIyvinyl-pyrroHdone concentration in the 40vol(s) % 
ethanol water solution through which it circulated was measured. They are 200mL(s) in the 
modular hollow filament inside volume and the volume for a header of a module inlet-port 
outlet, i.e., priming volume. The extracted polyvinyl-pyrrolidone weight is found from the 
appUed polyvinyl-pyrroUdone concentration in the whole extract product and an extract, and the 
polyvinyl-pyrrolidone sampling volume per two is fiirther calculated a processed liquid contact 
pleural membrane area of Im from the film surface product (hollow filament bore criteria) of a 
hollow fiber module. 

[0020] The approach of KMueller (1968) was used for the density measurement of a polyvinyl 
pyrroUdone. That is, a citric acid and iodine Uquid were added to the specimen, the absorbance 
was measured, and it asked for concentration by the calibration curve searched for &om 
Polyvinylpyrrolidone K90. In the case of density measurement, in order to lose inhibition of 
coloring by ethanol, it is necessary to dilute here more than twice. When it was specifically two 
fold serial dilution, after often mixing 1.25mL(s), water 1.25mL, 0.2M citric-acid water-solution 
1 .25mL, and 0.006N iodine water-solution 0.5mL and putting a specimen (a preparation or 
extract) for 10 minutes, the absorbance in 470mn was measured and the concentration of a 
polyvinyl pyrrolidone was measured. 



EXAMPLE 



[Example] 

[0022] Example 1 polyvinyl-pyrrolidone (K-90, BASF A.G. make) 0.025g/mL A bath ratio [ as 
opposed to the water of a water solution for a water solution ] is 2.5-3.0. It is the polyvinyl 
pyrrolidone which trickled into the acetone which is the poor solvent which is twice, and 
removed the low-molecular-weight object positively by the reprecipitating method 90% of yield 
It obtained. This is hereafter called a purification polyvinyl pyrroUdone. The profile of the 
polyvinyl pyrrolidone before purification and the gel permeation chromatography of the 
fractionation eliminated at the time of purification is shown in drawing 1 and drawing 2 . It turns 



out that only low-molecular fractionation (direction where transparency time amount is long) is 
selectively eliminated at the time of purification so that more clearly than drawing. The 
dimethylacetamide 74 weight section and the water 5 weight section for the polyether sulphone 
(4800P, Sumitomo Chemical Co., Ltd. make) 16 weight section and the purification polyvinyl- 
pyrrolidone 5 weight section as the mixed dissolution and a spinning undiluted solution which 
carried out degassing The dimethylacetamide water solution was used as core Uquid 50%, this 
was drawn into 75 degrees C and the coagulation bath of water through discharge and the 50cm 
free-running section from the double pipe orifice, the hollow fiber was formed, it wound after 
rinsing, and 20hr desiccation was carried out at 60 degrees C. The module of 2 was obtained 
1.5m of hollow filament bore criteria film surface products using this hollow fiber. As a resuh of 
this module's performing an ethanol extract trial 40%, elution of a polyvinyl pyrrolidone is 2 a 
hollow filament intima area of Im. It was l.Omg of hits. 

[0023] The example 2 polysulfone (P-1700, product made from AMOCO) 20 weight section, the 
purification polyvinyl-pyrrolidone 6 weight section, and the dimethylacetamide 74 weight 
section were used as the mixed dissolution and a spinning undiluted solution which carried out 
degassing, the dimethylacetamide water solution was used as core liquid 45%, this was drawn 
into 50 degrees C and the coagulation bath of water through discharge and the 70cm free-running 
section from the double pipe orifice, the hollow fiber was formed, it wound after rinsing, and 
20hr desiccation was carried out at 60 degrees C. The module of 2 was obtained 1 .5m of hollow 
filament bore criteria fihn surface products using this hollow filament. As a result of this 
module's performing an ethanol extract trial 40%, elution of a polyvinyl pyrrolidone is 2 a 
hollow filament intima area of Im. It was 1.3mg of hits. 

[0024] Except having used K-90 (BASF A.G. make) which is not refined as an example 
polyvinyl pyrrolidone of a comparison, like the example 2, spinning of the hollow fiber was 
carried out and the module of 2 was obtained 1.5m of hollow filament bore criteria film surface 
products using the obtained hollow filament. As a result of this module's performing an ethanol 
exfract trial 40%, elution of a polyvinyl pyrrolidone is 2 a hollow filament intima area of Im. It 
was 15.2mgofhits. 
[0025] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The profile of the gel permeation chromatography of a polyvinyl pyrrolidone (K-90) 
is shown. 

[Drawing 2] The profile of the gel permeation chromatography of the fractionation ehminated at 
the time of polyvinyl-pyrrolidone purification is shown. 

[Drawing 3] The profile of the gel permeation chromatography of a polyvinyl pyrroUdone by 
which elution was detected by ethanol extract 40% is shown. 
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[Drawing 1] 
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